Background: The role of Helicobacter pylori eradication in the management of gastro-oesophageal reflux disease (GORD) is controversial. We hypothesised that H pylori eradication leads to worsened control of reflux disease. Methods: Consecutive patients with weekly reflux symptoms were prospectively recruited for endoscopy and symptom evaluation. Patients were enrolled if they had H pylori infection and required long term acid suppressants. Eligible patients were randomly assigned to omeprazole triple therapy (HpE group) or omeprazole with placebo antibiotics (Hp+ group) for one week. Omeprazole 20 mg daily was given for eight weeks for healing of oesophagitis and symptom relief. This was followed by a maintenance dose of 10 mg daily for up to 12 months. The primary study end point was the probability of treatment failure within 12 months, which was defined as either incomplete resolution of symptoms or oesophagitis at the initial treatment phase, or relapse of symptoms and oesophagitis during the maintenance phase. Predictors of treatment failure were determined by Cox's proportional hazards model. Results: A total of 236 GORD patients were screened and 113 (47.9%) were positive for H pylori; 104 (92%) patients were included in the intention to treat analysis (53 in the HpE group and 51 in the Hp+ group). Thirty one patients (30%) had erosive oesophagitis at baseline. H pylori was eradicated in 98% of the HpE group and in 3.9% of the Hp+ group. Overall, 15 patients (28.3%) in the HpE group and eight patients (15.7%) in the Hp+ group had treatment failure. The 12 month probability of treatment failure was 43.2% (95% confidence interval (CI) 29.9-56.5%) in the HpE group and 21.1% (95% CI 9.9-32.3%) in the Hp+ group (log rank test, p = 0.043). In the Cox proportional hazards model, after adjustment for the covariates age, sex, erosive oesophagitis, hiatus hernia, degree of gastritis, and severity of symptoms at baseline, H pylori eradication was the only predictor of treatment failure (adjusted hazard ratio 2.47 (95% CI 1.05-5.85)). Conclusion: H pylori eradication leads to more resilient GORD.
M
ore than 70% of patients suffering from gastrooesophageal reflux disease (GORD) are dependent on long term use of acid suppressants. The Genval Workshop Report for GORD has confirmed the primary role of proton pump inhibitors (PPI) in the treatment of GORD and recommends that patients with non-erosive reflux disease and mild oesophagitis can be treated by stepdown dosing of PPI for maintenance therapy. 1 2 The effects of Helicobacter pylori infection in patients with GORD has been vigorously debated in recent years. Most Asian epidemiological studies reported a lower prevalence of H pylori infection among GORD patients 3 4 but this negative association is less prominent in Caucasian populations. As the protective role of H pylori against GORD is attributed to suppressed gastric acid secretion in patients with gastritis, 5 ethnic differences may be attributed to different patterns of H pylori gastritis among these populations. The role of H pylori in the treatment of GORD is also controversial. H pylori has been reported to augment the acid suppressive effect of PPI, which may contribute to more rapid healing of oesophagitis and better symptomatic relief in infected patients. [6] [7] [8] However, this observation is not consistent. 9 Interventional studies investigating the effect of H pylori eradication on GORD also yielded conflicting results. In a recent randomised study, H pylori eradication did not produce any effect on symptom relapse after therapy with PPI. 10 Another smaller scale interventional study even showed that H pylori eradication prolonged the disease free interval in GORD patients. 11 However, we have previously reported that H pylori eradication increased oesophageal acid exposure and aggravated oesophagitis in a subset of GORD patients. 12 All of the aforementioned studies evaluated relapse of GORD after discontinuation of acid suppressive therapy. In clinical practice, however, very few GORD patients can be totally independent of medication. To date, none of the existing studies evaluated the clinical course of GORD in patients taking maintenance acid suppressants after H pylori eradication.
The aim of this study was to evaluate the effect of H pylori eradication on maintenance treatment of GORD. We hypothesised that H pylori eradication results in more difficult control of disease in reflux patients eligible for stepdown management strategy.
and/or acid regurgitation in the previous 12 months were recruited for symptom assessment and endoscopy. Patients were excluded if they had a current or past history of peptic ulcer disease, previous gastric surgery, pregnancy, severe complications of reflux disease such as stricture and Barrett's oesophagus, previously received anti-Helicobacter therapy, or used of non-steroidal anti-inflammatory drugs (NSAID) or PPI within four weeks before entry into the study. Upper endoscopy (Olympus XQ-200 or XQ-240 endoscope) was performed to exclude coexisting peptic ulcer and assess the severity of reflux oesophagitis using the modified Savary Miller grading system. 13 In this study, grade 1 oesophagitis referred to the presence of single or isolated erosion(s) on one mucosal fold; grade 2, non-circumferential erosions on more than one mucosal fold with or without confluence; grade 3, circumferential erosions; and grade 4, the presence of stricture or ulcer. The presence of a hiatus hernia was also noted. Diagnosis of H pylori infection was confirmed if both biopsy urease test and histology were positive. Two biopsy specimens were obtained from the antrum and corpus for histological assessment by a single pathologist who was blinded to the treatment groups. Neutrophil and mononuclear cell infiltration, intestinal metaplasia, and atrophy were graded (0-3) according to the updated Sydney classification.
14 A combined inflammatory score (0-6), using the sum of neutrophil and mononuclear cell infiltration scores, was used to assess the severity of gastritis. Serum samples were collected for determination of cytotoxin associated gene A (CagA) status (Helico Blot 2.0; Genelab, Singapore). The study was approved by clinical ethics committee of the Chinese University of Hong Kong. Written informed consents were obtained from all participants.
Symptom assessment
Reflux symptoms were evaluated using a structured questionnaire by face to face interview. Duration of symptoms was recorded. Severity of heartburn and acid regurgitation were rated using a four point Likert scale (0, asymptomatic; 1, mild-only recall on questioning and not affecting daily activity; 2, moderate-constantly aware of the symptom but not affecting daily activity; 3, severe-interferes with daily activity). The higher symptom score was used if there was a discrepancy between the rating of heartburn and acid regurgitation.
Randomisation
After baseline assessment, eligible patients were randomly assigned to eradication therapy with omeprazole 20 mg, amoxycillin 1 g, and clarithromycin 500 mg each given twice daily for one week (HpE group), or control therapy with omeprazole 20 mg and identical looking placebo antibiotics each given twice daily for one week (Hp+ group). The random allocation sequence was obtained from a computer generated list of random numbers in blocks of 10. Concealed allocation was achieved by an independent staff member who assigned treatments according to consecutive numbers in sealed envelopes. Study medications were dispensed as sealed packages in consecutive numbers. Medication adherence was measured by pill counts during interval visits. All recruited patients, physicians, and research nurses were blinded to the treatment assigned throughout the whole study period.
Initial phase
After the first week's trial medication, patients from both groups were given eight weeks of omeprazole 20 mg once daily. Symptoms were reviewed at the end of treatment. Global symptom assessment was conducted in addition to individual symptom scores. This was a binary outcome measure in which patients were asked to give either a positive or negative response to the question ''do you have poor overall reflux symptom control with the present treatment that requires a more potent regimen?'' Follow up endoscopy was arranged for patients with erosive oesophagitis to assess healing. Patients with incomplete healing of oesophagitis or persistent symptoms were regarded as treatment failures.
Maintenance phase
Patients with complete resolution of symptoms and oesophagitis were given omeprazole 10 mg once daily as maintenance therapy until the end of 12 months. Follow up visits were arranged at 4, 6, 9, and 12 months for symptom evaluation and drug compliance. Endoscopic examination, including biopsies for histological evaluation and biopsy urease test, was offered when reflux symptom recurred or at the end of 12 months. Omeprazole was stopped after 12 months and patients underwent a 13 C urea breath test four weeks after cessation of omeprazole to determine H pylori status (fig 1) .
End points
The primary end point was treatment failure within 12 months, which was defined as either incomplete resolution of symptoms or oesophagitis at the initial treatment phase, or relapse of symptoms and/or oesophagitis during the maintenance phase. Symptom deterioration was assessed by the global symptom assessment. Endoscopic relapse was defined as recurrence of erosive oesophagitis (that is, Savary Miller grade 1 or above) in the maintenance phase. The secondary end point was reflux symptom score at the last follow up.
Statistical analysis
We anticipated that 45% of patients receiving H pylori eradication therapy would have treatment failure during the 12 month period. 15 16 To detect a 25% difference in treatment failure rate, a total of 103 H pylori positive GORD patients were required to achieve 80% power at the 5% significance level (PASS software, NCSS). The Kaplan-Meier method was used to estimate the likelihood of reaching the Figure 1 Algorithm for the study design.
H pylori eradication in GORDend point of treatment failure within 12 months, according to the intention to treat principle. The log rank test was used for comparisons between treatment groups. Patients who withdrew due to events other than treatment failure were analysed up to the last follow up visit. Failure to take at least 75% of the study drugs was considered a protocol violation. Patient baseline characteristics were compared using the Student's t test for parametric data, the Mann-Whitney U test for non-parametric data, and Pearson's x 2 test for proportions (SPSS software, version 10.0; SPSS, Chicago, Illinois, USA). A Cox's proportional hazards model was used to adjust for confounding covariates including, age, sex, erosive oesophagitis (presence or absence), hiatus hernia (presence or absence), gastritis (0-2 mild; 3-4 moderate; 5-6 severe), duration (1 year, .1-5 years, .5-10 years, .10 years) and severity (0-4) of symptoms at baseline. Histological changes before and after treatment were compared using the Wilcoxon signed rank test for paired samples within treatment groups and the Mann-Whitney U test between groups, respectively. A two tailed p value of less than 0.05 was taken to indicate statistical significance.
RESULTS
A total of 236 consecutive patients with GORD were screened. Among them, 113 patients (47.9%) were infected with H pylori. Nine patients refused to participate and 104 H pylori infected patients were recruited into the study (fig 2) . Seventy one patients had a CagA serology test performed, and the prevalence of the CagA positive strain in HpE and Hp+ patients was 70% and 74%, respectively. Fifty three patients were randomly assigned to receive eradication therapy (HpE) and 51 to receive placebo (Hp+). The two groups were comparable in age, sex, body mass index, baseline gastritis, prevalence of hiatus hernia, and severity of reflux symptom (table 1) . H pylori eradication was successful in 98% (52/53) in the HpE group according to the 13 C urea breath test at 12 months. Two (3.9%) patients in the Hp+ group had negative H pylori status at the end of the study. In the HpE group, five patients discontinued the study medications because of side effects of omeprazole (n = 1), need for NSAID (n = 2), or unwilling to continue follow up (n = 2). There were also five Hp+ patients who discontinued medications for concomitant NSAID use (n = 2) and unwilling to continue follow up. All study patients achieved compliance of more than 80% with study medications (fig 2) .
In the HpE group, 15 patients experienced treatment failure (five in the initial phase and 10 in the maintenance phase) (figs 2, 3). Four patients in the initial phase had incomplete symptom resolution and one had persistent oesophagitis. Of the 10 patients with symptom relapse in the maintenance phase, four had both symptom and endoscopic relapse. In the Hp+ group, eight patients experienced treatment failure (none at the initial phase and eight in the maintenance phase) with symptom relapse but none had relapse of oesophagitis. The 12 month probability of treatment failure was 43.2% (95% confidence interval (CI) 29.9-56.5%) in the HpE group and 21.1% (95% CI 9.9-32.3%) in the Hp+ group (log rank test, p = 0.043). Hp+ patients also had a lower reflux symptom score (median score 0; range 0-1) than HpE patients (median score 1; range 0-2) at the last visit (Mann Whitney U test, p = 0.02). Both treatment groups had similar degrees of gastritis at baseline. The majority of patients had antral predominant gastritis on entry into study but over half also had moderate to severe corpus gastritis (table 2). In the HpE group, there was a significant reduction in the severity of gastritis at both the antrum and corpus after H pylori eradication (p,0.0001) (table 3) . In contrast, in the Hp+ group, there was a change in the pattern of gastritis from antral predominant to corpus predominant gastritis. While severity of gastritis at the antrum was unaltered (p = 0.15), gastritis scores at the corpus significantly increased after one year of PPI therapy (p,0.0001). Both groups of patients had comparable degrees of gastric atrophy and intestinal metaplasia (table 2) . There was no significant change in these two histological conditions at the end of 12 months in both the HpE and Hp+ groups (table 3) .
In the Cox proportional hazards model, H pylori eradication was identified as the only factor associated with treatment failure. The unadjusted odds ratio of H pylori eradication was 2.34 (95% CI 1.0-5.53). After adjustment for the confounding covariates, the adjusted hazard ratio was 2.47 (95% CI 1.05-5.85). There was no significant difference in treatment failure between patients with endoscopy negative disease and erosive oesophagitis (22.3% v 30.3%; p = 0.10, x 2 test). The effect of baseline corpus gastritis on treatment failure in HpE patients was evaluated in subgroup analysis. Eight of 26 patients (30.8%) with moderate or severe gastritis developed treatment failure compared with seven of 25 (28%) in patients with mild gastritis. There was no significant difference in treatment failure rate between the two subgroup of patients (p = 0.31, x 2 test).
DISCUSSION
The impact of antibacterial therapy on the severity of GORD has been a subject of heated debate. Tefera et al found no difference in oesophageal acid exposure or reflux symptoms in GORD patients 12 weeks after H pylori eradication. 17 Moayyedi et al also reported that H pylori eradication had no deleterious effect on symptomatic relapse among GORD patients. 10 Schwizer et al observed an earlier relapse for GORD patients with persistent H pylori infection compared with those who received eradication therapy, although both oesophageal acid exposure and gastric acidity were unaltered. 11 In contrast, our group has previously reported exacerbation of oesophageal acid exposure and disease severity in a subset of GORD patients after antibacterial therapy. 12 The discrepancy is probably due to different study designs, such as inclusion criteria and timing of follow up investigations, and ethnic differences in the pattern of H pylori gastritis.
In the present study, we set out to evaluate the effect of H pylori eradication on disease severity in GORD patients receiving maintenance acid suppressive therapy. Patients recruited had relatively mild reflux disease, representing patients in primary and secondary care. Furthermore, the prevalence of hiatus hernia was relatively low compared with GORD patients in Western populations. This finding is consistent with the previously reported prevalence in Chinese patients. 18 19 Unlike previous studies, we introduced a ''stepdown'' maintenance therapy after successful initial full dose PPI therapy. This design was based on the Genval Workshop's recommendation for mild and moderate reflux disease, in which over 70% of patients required maintenance medical treatment. 2 Due to the lack of universally accepted and validated symptom scores for GORD, we used global symptom assessment instead of symptom scores as the primary measure of treatment response. 20 As unequal proportions of high risk patients may develop treatment failure during the initial phase between the two groups, this may result in the phenomenon of ''elimination of susceptibles''. To avoid comparison of the two groups with unmatched treatment failure risks in the maintenance phase, we predefined a composite end point that included treatment failures in both the initial and maintenance phases. In contrast with previous studies, our results showed that eradication of H pylori caused an increased risk of treatment failure of GORD. The similar treatment failure rates in the two groups during the maintenance phase can be attributed to the lower risk of HpE patients who remained in the maintenance phase compared with the Hp+ group. After adjusting for other confounding factors, H pylori eradication was the only predictive factor for failure using the stepdown strategy of the Genval Workshop.
There are several possible explanations for worsening control of reflux disease after H pylori eradication. Firstly, persistent H pylori infection generates ammonia which augments the acid suppressing effect of medication. 6 21 More importantly, acid suppressive therapy intensifies corpus gastritis and hence further suppresses acid secretion in the stomach. 22 23 Secondly, early rebound of gastric acid hypersecretion has been observed after cessation of PPI. This phenomenon can be alleviated in patients with H pylori infection. 24 In patients with successful eradication of H pylori, rebound acid secretion on reduced dosage of PPI may cause relapse of GORD. Finally, H pylori eradication may increase oesophageal acid exposure in a subset of patients without maintenance acid suppressive therapy, 12 probably due to resolution of corpus gastritis and recovery of gastric acid secretion. 5 25 26 Recovery of gastric acid secretion after resolution of corpus gastritis counteracts the therapeutic effect of maintenance acid suppressive therapy. It is noteworthy that the majority of recruited patients in this study were infected by the CagA positive strain of H pylori. Over half of these patients had moderate or severe corpus gastritis, which reflects the fact that corpus gastritis is generally more predominant in the Chinese population. Hence a high proportion of study patients were susceptible to increased acid secretion with resolution of gastritis. We suggest that in populations where CagA positive H pylori is prevalent, more GORD patients have corpus predominant gastritis and develop worsened control of reflux disease because of recovered gastric acid secretion in a significant subset of patients. This postulation is supported by a recent study from Greece which showed that patients infected with the cagA positive strain of H pylori were at risk of developing oesophagitis after eradication therapy. 27 The impact of long term PPI therapy on H pylori gastritis is another subject of dispute. Kuipers et al reported in his cohort that H pylori infected patients receiving long term PPI had progression of atrophic gastritis compared with patients who received antireflux surgery. 28 Although this profound difference in histological changes was not substantiated in a subsequent randomised trial, 29 the anxiety was not entirely relieved. In a recent randomised study revisiting this issue, Kuipers et al reported that corpus gastritis in GORD patients progressed on long term omeprazole treatment if H pylori had not been eradicated, and there was reversal of gastritis in those randomised to H pylori eradication. 30 Therefore, in the Second Maastricht's Consensus, it was recommended that before prescribing long term PPI for GORD, H pylori eradication is indicated in order to prevent progression of atrophic gastritis and intestinal metaplasia. 31 In our study, intestinal metaplasia and gastric atrophy were relatively uncommon and there was no significant progression due to the short duration of follow up. Yet, patients with persistent infection have intensified inflammation after one year of half dose omeprazole therapy. Progression of histology along Correa's cascade of gastric carcinogenesis would be a
